The relation between the quantity of many healthcare services delivered and health outcomes is uncertain. In January 2004, the Centers for Medicare and Medicaid Services introduced a tiered fee-for-service system for patients on hemodialysis, creating an incentive for providers to see patients more frequently. We analyzed the effect of this change on patient mortality, transplant wait-listing, and costs. While mortality rates for Medicare beneficiaries on hemodialysis declined after reimbursement reform, mortality declined more -or was no different -among patients whose providers were not affected by the economic incentive. Similarly, improved placement of patients on the kidney transplant waitlist was no different among patients whose providers were not affected by the economic incentive; payments for dialysis visits increased 13.7% in the year following reform. The payment system designed to increase provider visits to hemodialysis patients increased Medicare costs with no evidence of a benefit on survival or kidney transplant listing.
Introduction
In 2006 Medicare spending in the US varied more than threefold across different geographic regions (Fisher et al. 2009 ). Yet, the relation between healthcare spending, the quantity of healthcare used, and health outcomes is uncertain. Studies from the Dartmouth Atlas project comparing regional differences in endof-life care found no direct association between medical spending and health outcomes, quality of care, or access to care among patients hospitalized for hip fracture, colorectal cancer, or acute myocardial infarction (Fisher et al. 2003a,b) . One study found that areas with higher Medicare spending per beneficiary and more physician specialists had lower quality of care (Baicker and Chandra 2004) . In contrast, a state-level study found a positive association between the number of physicians practicing in an area and healthcare quality (Cooper 2009 ), while an analysis using an instrumental variable approach found that greater Medicare spending was associated with reduced mortality and hospitalizations (Hadley and Reschovsky 2012) .
Observed heterogeneity in the relation between the quantity of healthcare delivered and health outcomes may be due either to differences in methods used among studies or in the populations studied. In the context of a health production function with diminishing marginal returns from additional healthcare production, some patient populations may be at the "flat of the curve," where additional healthcare does not lead to improved health outcomes. Other patient populations may be at the steep end of the curve, where additional healthcare improves outcomes (Grossman 1972; Garber and Skinner 2008) . An example of a patient population at the steep end of the curve -most likely to benefit from additional healthcare -includes patients with chronic illness who were recently hospitalized. It is not surprising that more intensive healthcare delivery is associated with improved health outcomes in patients recently hospitalized for Chronic Obstructive Pulmonary Disease and Congestive Heart Failure (Rich et al. 1995; Sharma et al. 2010) .
Because patients with end-stage renal disease (ESRD) receiving hemodialysis suffer from multiple medical co-morbidities and high mortality, they may benefit from more intensive healthcare delivery. Patients with ESRD require life-long renal replacement therapy. The most common form of renal replacement therapy in the US -in-center hemodialysis -involves patients going to a hemodialysis center for several hours of treatment 3 or 4 times per week. Patients receiving hemodialysis are hospitalized an average of twice per year, and suffer from a mortality rate of approximately 20% per year (USRDS 2013) . At the same time, patients with ESRD already receive a disproportionate share of healthcare resources. While patients with ESRD comprise only 1.2% of the Medicare population, in 2011 the federal government spent $34 billion, or 6.2% of the total Medicare budget on its ESRD program (USRDS 2013) .
Physician service intensity is closely linked to Medicare fees; higher fees to physicians lead to a greater quantity of care delivered (Hadley and Reschovsky 2006) . Consequently, changes in physician reimbursement that influence physician service intensity can serve as a natural experiment to test the relation between the quantity of care delivered and health outcomes, avoiding many of the biases inherent in cross-sectional comparisons.
In 2004 the Centers for Medicare and Medicaid Services (CMS) fundamentally transformed reimbursement to physicians and advanced practitioners caring for patients receiving hemodialysis from a capitated system to a tiered fee-for-service system (referred to as "G-code" reimbursement) (Centers for and Medicaid Services 2003). The tiered fee-for-service system was structured to encourage more frequent physician visits. While the G-code reimbursement reform applied to all patients with Traditional Medicare coverage, it did not affect reimbursement to providers caring for patients with Medicare Advantage/HMOs, who remained on a capitated system.
In this study we use the incentive to see patients more frequently created by G-code reimbursement reform to assess the relation between quantity of care delivered and health outcomes in patients with ESRD receiving hemodialysis. We use patients covered by Medicare Advantage/HMOs as "controls" in differencein-difference analyses where we compare the relative change in health outcomes before vs. after G-code reimbursement. Our main study outcome is mortality. We also determine whether reimbursement reform led to improved kidney transplant wait listing, and we examine direct costs associated with reimbursement reform.
This study builds upon past evidence that physician visit frequency to patients on hemodialysis increased in response to G-code reimbursement reform. We verify that visit frequency to patients receiving hemodialysis who were covered by Traditional Medicare increased nationally in the period following G-code reimbursement reform. We demonstrate that the increase in visit frequency was less profound in dialysis facilities with a larger proportion of patients covered by Medicare Advantage HMOs, supporting our assertion that patients covered by Medicare Advantage/HMOs were not affected by the reimbursement policy. Using multivariable Cox models, we show that adjusted mortality was lower in the period after G-code reimbursement reform compared to the period prior to the reform in all Medicare patients (i.e., patients covered by Traditional Medicare and patients covered by Medicare Advantage/HMOs). Then, in a difference-indifference analysis, we demonstrate that reductions in mortality were not greater (and may have been attenuated) in patients covered by Traditional Medicare who were affected by the reimbursement policy compared to patients not affected by the policy. Likewise, we show that the change in the "hazard" of being placed on the list for a kidney transplant was not different in patients who were affected by the policy compared to those not affected by the policy. Finally, we show that payment to outpatient nephrologists temporarily increased by 13.7% in the period following reimbursement reform.
Our results suggest that, in hemodialysis care, a policy encouraging increased healthcare use did not lead to improved health outcomes, while increasing healthcare costs. This is consistent with findings from the Dartmouth Atlas project that increased healthcare use is not associated with health outcomes.
Background
Due to a Federal law passed in 1972, nearly all patients with ESRD are eligible for and receive Medicare coverage regardless of age (Security Amendments of 1972). The Centers for Medicare and Medicaid Services (CMS) uses its role as the predominant payer of dialysis services to influence the behavior of healthcare providers. Before 2004, CMS reimbursed physicians and physician extenders caring for patients on hemodialysis through a capitated payment system; providers received the same amount regardless of the number of times per month patients were seen. In part responding to a presumed benefit from more frequent face-toface physician visits, in 2004 CMS fundamentally transformed reimbursement for physician-based hemodialysis care by implementing a tiered fee-for-service reimbursement system referred to as "G-codes" (Centers for Medicare and Medicaid Services 2003) . Under the new system, providers were remunerated according to how often they saw patients, with a smaller incremental payment for each additional visit up to four visits per month (Table 1) .
In the past, the delivery of care for patients with end-stage renal disease has been sensitive to economic incentives created by Medicare reimbursement policy (Iglehart 2011; Swaminathan et al. 2012) . Anecdotal evidence, and one formal analysis, demonstrated that providers also responded promptly to the economic incentive created by G-code reimbursement by seeing patients more frequently (Upchurch 2004; Mentari et al. 2005; Larson 2007; Mueller 2007) . A survey of 1600 patients in 12 hemodialysis facilities conducted by Mentari et al. found that the average number of visits increased from 1.52 to 3.14 immediately following the G-code reimbursement incentive. As we demonstrate, there was also a trend in visits continuing to increase during the 3 months following the reimbursement reform. While this payment structure is now a permanent part of the monthly capitation payment to nephrologists, it is unknown whether this incentive for more frequent face-to-face contacts affected healthcare costs and resulted in the anticipated improvements in health outcomes. For analyses of provider response to reimbursement reform and cost of G-code reimbursement, we selected cohorts of prevalent patients receiving hemodialysis. We included patients of all ages and used Medicare claims to determine physician visit frequency and payment for physician visits.
Data and Patient Selection
The data in the USRDS database came from the following sources: Medicare Enrollment Database; Medicare inpatient and outpatient claims; the United Network for Organ Sharing (UNOS) database, and ESRD death notification forms (CMS-2746). Information about dialysis facilities came from the CMS Annual Facility Survey (CMS-2477A). We ascertained patient co-morbidities from the ESRD Medical Evidence Report forms (CMS-2728) filled out by healthcare providers upon initiation of hemodialysis. We obtained data on population density from zip-code level Rural Urban Commuting Area (RUCA) codes, a classification system using definitions and work commuting information from the 2000 US census (WWAMI Rural Health Research Center 2005) .
Provider Response to Reimbursement Reform

Response to Reimbursement Reform in Patients with
Traditional Medicare
Anecdotal evidence, and one formal analysis, demonstrated that providers responded promptly to the economic incentive created by G-code reimbursement (Upchurch 2004; Mentari et al. 2005; Larson 2007; Mueller 2007) . We verify that a similar response occurred in our national cohort by examining visit frequency in the period immediately following G-code reimbursement reform. Prior to G-code reimbursement, payment to physicians (and advanced practitioners) for outpatient hemodialysis was capitated on a monthly basis. Consequently, Medicare claims data prior to enactment of G-code reimbursement do not contain information on outpatient nephrologist visit frequency. To our knowledge, there is no national-level data on outpatient visit frequency to patients on hemodialysis in the years prior to 2004. While the survey by Mentari et al. demonstrated that most of the provider response to G-code reimbursement occurred immediately at the time of the reimbursement reform, it also illustrated continued visit increases in February and March of 2004 (Mentari et al. 2005) . This suggests that some providers exhibited a delayed response to the policy. We used our national data set to examine whether providers continued to respond to the policy in the months following G-code reimbursement.
We constructed a "prevalent hemodialysis cohort" consisting of all prevalent patients receiving in-center hemodialysis who were covered by Medicare Parts A&B in the 2 years following G-code reimbursement reform (2004 and 2005) . We used Medicare claims to determine, for every month, how often patients were seen. We assigned visits according to the G-code claimed each month where: G0319 = one visit, G0318 = two to three visits; G0317 = four or more visits. We assumed patients were not seen by their provider in months when no claims were paid. The focus of this analysis was on provider practice patterns following reimbursement reform. Consequently, we excluded months when patients were hospitalized for more than 2 days, since patients would not be physically present at their outpatient dialysis facility for as many days in those months which could lead to reduced visits independent of provider practices. We also excluded months when a patient died or changed provider, dialysis modality or insurance type.
For each month, we determined the proportion of patients in the US seen four or more times and the mean number of visits per month. We assumed that claims for two-to-three visits represented 2.5 visits and claims for four or more visits represented four visits. We plotted monthly visits following reimbursement reform and assessed for an upward trend in the proportion of patients with four-or-more visits and in estimated visits in the 3 months following enactment of G-code reimbursement.
Visit frequency increased as expected following enactment of G-code reimbursement. In January 2004, 61.1% of patients were seen four or more times per month, and patients were seen approximately 3.04 times per month. Two months later, in March 2004, the proportion of months with four or more visits increased by 9.8% to 67.1% of months. Similarly, estimated mean visit frequency increased 4.4% to 3.18% visits per month. Visit frequency remained near these increased levels over the subsequent 21 months (Figure 1 ).
Medicare Advantage/HMOs
We examined whether patients receiving hemodialysis who were covered by Medicare Advantage/HMOs were less likely to have experienced an increase in visits from their provider following G-code reimbursement reform. Individual Medicare claims are not available for this population. Consequently, we were not able to directly observe visit frequency to patients covered by Medicare Advantage/HMOs. Instead, we developed a method of indirectly observing the change in visit frequency following G-code reimbursement to patients covered by Medicare Advantage/HMOs by measuring visits to patients covered by Traditional Medicare who were dialyzed at the same facilities as patients with Medicare Advantage/HMOs. Our method has a theoretical basis in our prior work on physician (and advanced practitioner) visit frequency to patients receiving hemodialysis (Erickson et al., 2013) . In that study, we demonstrated that providers tend to see all patients at a given dialysis facility a similar number of times per month, regardless of differences in acuity of illness among individual patients. Additionally, we demonstrated that providers caring for patients on hemodialysis choose how often to visit dialysis facilities based, in part, on economic incentives. In particular, providers were less likely to visit patients dialyzed in more rural areas where, on average, providers have to travel longer distances to see patients on hemodialysis. They were also less likely to see patients at dialysis facilities with fewer patients, presumably due to a higher travel costs to these facilities per patient seen.
Following G-code reimbursement providers had less of an incentive to increase visits to patients in facilities with a larger share of HMO patients. We first consider a scenario where providers choose how often to visit individual dialysis facilities, but once at a given facility, do not selectively see patients according to insurance type. In this scenario, providers would be reimbursed less for traveling to -and seeing patients in -facilities with a larger Medicare Advantage/HMO share. This is because they would only be reimbursed for the Traditional Medicare portion of their total visits to that facility; they would not be reimbursed for additional visits to the HMO patients. This can be expected to lead to fewer visits to all patients dialyzed in facilities with larger Medicare Advantage/HMO populations, as providers will instead visit facilities with a larger share of Traditional Medicare patients.
Next, we consider an alternative scenario where providers choose how often to visit individual dialysis facilities and, once at a given facility, discriminate between patients based on insurance type. In this case, there would still be a financial disincentive to see all patients in facilities with a larger HMO proportion since these facilities would effectively be smaller than their facility size otherwise indicates; for a given dialysis facility size, there would be fewer patients who the provider can be reimbursed for seeing after travel to the facility. Fixed travel costs would be distributed over fewer patients in facilities with a larger share of HMO patients, thereby reducing the incentive to increase visits to all patients in these facilities. In both scenarios, decreased visits to patients covered by Medicare Advantage/HMOs correspond to decreased visits to patients with Traditional Medicare at the same dialysis facility.
We tested whether the economic disincentive to seeing patients with Medicare Advantage/HMOs had its predicted effect by examining visit frequency to patients covered by Traditional Medicare who receive dialysis at facilities with Medicare Advantage/HMO patients. To do this, we constructed a multivariable logistic regression model where the outcome of interest was the proportion of patients with Traditional Medicare coverage seen four or more times in a given month. We used the "prevalent hemodialysis cohort" described above, and included patients receiving dialysis in the first 3 months following G-code reimbursement (the months when visit frequency continued to increase February 2004" and "March 2004" are dummy variables representing each month, and "X" are patient and facility characteristics listed in Table 2 (including dialysis facility size), in addition to population density using rural/urban commuting area (RUCA) codes. (WWAMI 2005) We used cluster robust standard errors to account for visit frequency correlation among patients and dialysis facilities (Huber 1967) . Based on this model, the interaction between the proportion of patients in a facility with HMO coverage and the dummy variables for February and March represent the effect that a larger share of facility HMO patients has on the increase in visit frequency to patients covered by Traditional Medicare. A negative interaction term is consistent with our hypothesis that the increase in visit frequency following G-code reimbursement reform was diminished in facilities with a larger proportion of HMO patients due to the absence of an economic incentive to see HMO patients more frequently.
After adjusting for patient, facility and geographic characteristics, there was a 32.0% increase in the odds of four or more visits to patients in March 2004 compared to January 2004 (95% CI 30.4%-33.6%) (Table A1 ). This provides further evidence that some providers continued to respond to G-code reimbursement in the 3 months following the reform.
Providers responded as expected to the diminished economic incentive to travel to facilities with a larger share of Medicare Advantage/HMO patients. There was a negative interaction between the proportion of Medicare Advantage/ HMO patients and the month following G-code reimbursement. This interaction was statistically significant for March 2004 (p = 0.001). Figure 2 illustrates how the increase in odds of four or more visits in March 2004 was smaller in dialysis facilities with a larger share of patients covered by Medicare Advantage/HMOs. This is consistent with our assertion that the change in visit frequency was less pronounced in patients covered by Medicare Advantage/HMOs.
Study Design
The primary outcome was time-to-death in the first 2 years of hemodialysis as assessed by a proportional hazards regression model. We chos the first 2 years of hemodialysis since this is a period of high acuity when patients would most likely benefit from increased face-to-face provider visits. We only included patients surviving the transition to ESRD and on dialysis long enough to qualify for Medicare (defined as receiving renal replacement therapy for at least 90 days). This "90 day rule" is commonly used in analyses of the USRDS registry (USRDS 2013). We censored patients if they changed insurance payer while receiving in-center hemodialysis or after 2 years of ESRD treatment. We did not censor patients due to change in treatment modality (e.g., hemodialysis to either transplant or peritoneal dialysis) which we considered a potential consequence of more frequent provider visits since more frequent visits could increase the likelihood of discussion about home dialysis therapy or transplantation. A secondary outcome was timeto-wait-listing for kidney transplant, which we hypothesized would decrease as a consequence of more frequent interaction between providers and patients.
We measured the effect of G-code reimbursement on patient mortality using a difference-in-difference survival analysis. We compared survival before and after G-code reimbursement in a Cox regression model adjusting for individual comorbidities, demographics, facility characteristics, and state/territory of residence. We modeled whether a patient received hemodialysis before vs. after G-codes as a time-varying covariate. We compared the change in survival following G-code reimbursement reform among patients covered by Traditional Medicare with those covered by Medicare Advantage (who were not affected by the policy). We described baseline characteristics, probability of death, and 4 year survival functions for each comparison group.
The following equation describes the difference-in-difference model: Where "Medicare" is a dichotomous variable representing whether patients are enrolled in Traditional Medicare or Medicare Advantage, "Policy Change" is a dichotomous time-varying covariate denoting exposure prior to January 1st 2004 vs. after the G-code reimbursement reform, and "Medicare*Policy Change" is a time-varying covariate interaction term identifying patients enrolled in Medicare Parts A&B after the policy change. "X" include facility characteristics, demographic characteristics, and comorbidities listed in Table 2 in addition to state of residence. Within this framework, γ represents the treatment effect of "G-code" reimbursement on hazard of death.
We used this survival model in an identical fashion to assess the effect of G-code reimbursement on time-to-wait-listing for a kidney transplant. In this analysis, an increased "hazard" of transplant wait-listing represents more rapid (i.e., improved) placement on the transplant wait list. In the analysis of time-towait-listing for kidney transplant, we restricted the cohort to patients aged 65 to 70 years at the time of ESRD development, due to a small likelihood of receiving a kidney transplant in older patients. Additionally, we excluded patients who were listed for a transplant prior to developing ESRD and with a diagnosis of malignancy at the time of developing ESRD.
This project was approved by the institutional review board of Stanford University School of Medicine.
Results
Baseline Characteristics
Our assessment of the effect of G-code reimbursement on mortality included 215,499 incident patients. The Medicare Advantage group comprised 16.4% of the population. Due to large population size, we used 10% standardized difference as a marker of heterogeneity between groups (Austin 2009 ). The percent of Asian and Hispanic population, the percent with Medicaid coverage, and facility size, varied according to insurance group. The Medicare Advantage group had proportionately more immobile patients and Medicaid coverage following G-codes ( Table 2) .
The probability of death declined after enactment of G-codes in both comparison groups. Patients with Traditional Medicare coverage experienced a probability of death in the first 2 years of hemodialysis of 46.1% when starting dialysis before enactment of g-codes and 44.7% when starting dialysis after G-codes (difference: -1.4%; p < 0.001). Patients with Medicare Advantage experienced a 2-year probability of death of 39.5% when starting dialysis prior to G-code reimbursement and 38.9% after the policy (difference: -0.7%; p < 0.20).
Survival Plot
Kaplan-Meier survival plots of each comparison group demonstrate that the first 2 years (the time interval included in our regression analyses) are a period of high acuity where mortality rates are particularly high. Additionally, unadjusted survival improved in both groups in the period following G-code reimbursement (p < 0.001 in a Log Rank test of survival curves for all groups) (Figure 3 ).
Effect of Reimbursement Reform on Mortality
A difference-in-difference analysis compared change in survival experienced by Traditional Medicare and Medicare Advantage patients following G-code reim-bursement. Adjusted mortality improved (decreased) in patients covered by Traditional Medicare as well as patients covered by Medicare Advantage/HMOs. However, adjusted mortality improved (decreased) more for patients on Medicare Advantage (control group) than it did in patients covered by Traditional Medicare (treatment group). While patients on Traditional Medicare and Medicare Advantage had similar adjusted mortality hazards in the 3 years prior to 2004 (nonsignificant difference of 0.5%), patients enrolled in Medicare Advantage experienced an 8.4% decline in adjusted mortality hazard (p < 0.001) following G-code enactment while patients enrolled in Traditional Medicare experienced a 2.8% reduction (p < 0.001). This difference was statistically significant (p = 0.002) (Figure 4 ). prior to G-code reimbursement compared to patients enrolled in Medicare Advantage (hazard ratio 1.19, p = 0.03). Patients enrolled in both Traditional Medicare and Medicare Advantage experienced improved time-to-listing for kidney transplant in the period following reimbursement reform (hazard ratios 1.24, p < 0.001; 1.32, p = 0.002, respectively). The relative difference in the improvement observed in the two groups was not statistically significant (p = 0.53) ( Figure 5 ; Table A4 ).
Effect of Reimbursement Reform on Time-to-Wait-Listing for Kidney Transplant
Sensitivity Analyses
We tested the sensitivity of our main study findings to the following para meters: 1) censoring at transplant and due to insurance provider change; 2) duration of follow-up; 3) study period; 4) possible facility fixed effects; 5) inclusion of hemoglobin and albumin as covariates (which were excluded from the primary analysis due to large number of missing values); 6) excluding patients who "bridge" the policy (who were incorporated in the baseline analysis using a timevarying covariate); 5) possibility of underlying trends in treatment and control groups over time. When testing for facility fixed effects, we used difference-indifference linear probability models where the outcome was the probability of Tables A2 and A3 for full regression results. Regressions adjust for patient, facility, and geographic characteristics in addition to state/territory. Source: United States Renal Data System. death in the first year of hemodialysis and where patients who develop ESRD in 2003 were excluded since their year of follow-up bridges the policy change. We accounted for the possibility of differences in underlying linear trends in mortality between comparison groups in a difference-in-difference-in-difference model, using data on incident hemodialysis patients dating back to 1995.
All but one of the sensitivity analyses demonstrate either a statistically significant or non-significant trend towards higher (i.e., worse) mortality in patient groups most effected by G-code reimbursement. The exception was the analysis where we excluded patients who "bridge" the policy gap, which found no difference (Table 3) .
Estimating Costs of G-Codes
We calculated annual physician claims paid by Medicare for outpatient hemodialysis visits during the study period to determine whether direct costs paid to providers changed following G-code enactment. For this analysis we included Table A4 for more detailed regression model results. Regressions adjust for patient, facility, and geographic characteristics in addition to state/territory. Source: United States Renal Data System. prevalent patients with Traditional Medicare Parts A&B coverage receiving hemodialysis of all ages. We adjusted costs to 2010 dollars using the General Consumer Price Index (Bureau of Labor Statistics 2011) to account for inflation and presented them as total annual amounts and cost per patient-year of hemodialysis. Payments to physicians and physician extenders for outpatient hemodialysis care increased by 65.3 million dollars ( 
Discussion
Although survival rates of patients new to hemodialysis improved following the transition to a tiered fee-for-service payment system that promoted more frequent face-to-face provider visits, survival improved in populations directly affected by the policy as well as those whose providers were not affected by the economic incentive. The difference-in-difference analysis of the policy's effect on mortality demonstrated a larger mortality reduction in patients covered by Medicare Advantage/ HMOs, who were not affected by the policy. Likewise, our analysis of time-to-waitlisting for kidney transplant demonstrated no difference in the improvement in transplant wait-listing among patients who were and were not affected by the economic incentive. These results can be interpreted two ways. One possibility is that the economic incentive to see patients more frequently led to system-wide improvements in practice patterns and a "spill-over" effect that improved survival in all patients regardless of whether their providers were directly influenced by the economic incentive. For example, improved methods of monitoring and closer provider-patient relationships resulting from the policy could have led to the recent aggregate declines in the rate of hospitalization for vascular access failure and more referrals for transplantation (USRDS 2013) . Alternatively, the decline in mortality seen in both groups may have been due to patient or health-system improvements unrelated to the frequency of physician visits, which would suggest that enactment of G-code reimbursements was not the cause of the improved survival rates. Several findings support the latter argument. First, this study demonstrates that patients whose providers were affected by the incentive to see patients more frequently actually may have experienced comparatively less improvement in mortality than those whose providers were not influenced by the economic incentive. This result would be unlikely if the policy was driving the improvements in survival. Additionally, a reduction in mortality occurred at the same time in populations such as those on peritoneal dialysis whose providers were even less likely to have been influenced by the change in reimbursement (since remuneration for peritoneal dialysis care remained capitated) (USRDS 2013).
More frequent visits could be expected to improve mortality in patients on hemodialysis through a number of mechanisms, including improved achievement of clinical targets, more rapid listing for kidney transplant, and better management of body fluid volume and vascular access. Previous epidemiological analyses assessing whether more frequent physician visits improve outcomes in patients on dialysis have generated mixed conclusions. Analyses conducted in 1995 and 2005 found more frequent physician visits were associated with lower mortality and improved achievement of laboratory-based quality targets (McClellan et al. 1998; Plantinga et al. 2005) . In contrast, a study of visit frequency using a national dataset in the period around enactment of G-code reimbursement found no change in mortality and a slight reduction in hospitalizations in patients seen more frequently (Slinin et al. 2012) , while an analysis in 2003 found frequency of physician contact unassociated with patient survival (Plantinga et al. 2004 ). These conflicting results likely come from heterogeneity in the populations studied along with their unique confounders -each population studied may have a unique set of unobserved characteristics associated with both the number of provider visits and patient outcomes, preventing definitive conclusions on whether more visits produce better outcomes.
When CMS changed reimbursement to providers in 2004 to promote more frequent face-to-face provider visits, the policy created a natural experiment testing the causal connection between visit frequency and patient outcomes. Mentari et al. (2005) were the first to study the G-code phenomenon in their survey of 12 hemodialysis facilities and found that, although average visits per month increased from 1.52 to 3.14 following enactment of G-codes, there was no demonstrable improvement in patient outcomes (Mentari et al. 2005) . Our study confirms these findings at a national level in several analyses with much greater statistical power and generalizability. Relative benefits were not observed in patients most affected by the G-code economic incentive.
There a several possible explanations for why the incentive to see patients more frequently did not improve mortality or kidney transplant listing. First, providers may have already been seeing patients at an appropriate frequency, such that the additional visits resulting from the policy provided no added value. Second, in an effort to see all patients four times per month, providers may have reduced the attention and time given at each visit. This would have been particularly detrimental to the sickest patients who otherwise would have been accorded the most attention.
There are two notable limitations to this study. First, because we did not have information on the actual number of visits rendered prior to G-code reimbursement, we were unable to test for possible nonlinear relationships between visit frequency and patient outcomes. For example, the difference in mortality and transplant listing between one and two visits per month may be more important than the difference between three and four visits per month. Second, we only examined the effect of G-code reimbursement on patient mortality and kidney transplant listing and did not study other important clinical outcomes (and their associated costs) including rates of infection, hospitalization, health-related quality of life, patient satisfaction and healthcare utilization.
With Medicare costs rapidly rising, it is increasingly important that scarce health care resources are directed towards improving health in cost-effective ways. While some believe that encouraging increased frequency of visits has improved patient-provider relationships, others argue that healthcare providers should determine frequency of patient visits based on patient acuity and need (Larson 2007; Mueller 2007) . This study suggests that the incentive for more frequent provider visits did not reduce patient mortality or improve listing for kidney transplants, and may have even attenuated the improvements in survival rates experienced by all patients receiving hemodialysis. To the extent that G-code reimbursement shifted provider incentives and redirected healthcare resources toward more frequent visits to all patients irrespective of "need" and did not improve health outcomes, the associated increase in healthcare utilization and temporary cost increase was wasteful at best, and potentially harmful at worst.
Our conclusions are consistent with findings from the Dartmouth Atlas project in other areas of healthcare delivery demonstrating that more health care does not necessarily lead to improved patient health outcomes. They highlight the importance of critical evaluation of the downstream effects that changes in economic incentives have on health care utilization and patients' wellbeing. They suggest that efforts to align economic incentives may not always have the intended consequences on health outcomes. This is particularly important as the nation reforms its health care system and the ESRD program. Table 2 and clustering by state/territory of residence. Serum albumin and hemoglobin concentrations were excluded from the study due to large numbers of missing data (roughly 1 in 4 patients had missing albumin and 1 in 12 patients had missing hemoglobin concentrations). Note: 582 patients listed in table 1 were excluded from this regression analysis due to missing patient and facility characteristics.
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